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tially important facts about angina pectoris, coronary and cerebral thrombosis, intermittent claudication, and other clinical manifestations of atheroselerosis is the great difference in their incidence and mortality in different populations. Geographic differences have also been reported in the extent and severity of aortic and coronary atherosclerosis in different regions of the world.' 4 Gore et al. 4 concluded from an analysis of autopsy material from South India ( fig. 1 ) that atherosclerosis of the aorta and coronary arteries is remarkably mild in the population of that region as compared to that obtained in United States, Japan, and Jamaica. No other studies have been reported from India during recent years.
The present study was undertaken to assess the extent and severity of atherosclerosis in the aorta, coronary, cerebral, renal, and pulmonary arteries at Agra, an important medical center in Northern India. Such an approach may supply important clues to the etiologic significance of environmental factors in the pathogenesis of atherosclerosis.
Material and Methods
The material for study was obtained from 500 consecutive medicolegal autopsies performed at the Sarojini Naidu Medical College, Agra, on patients dying without morphologic evidence of atherosclerotic catastrophe, during the last 2 years.
The distribution of these patients according to age and sex is given in table 1. The following material was obtained for examination in each case: aorta, from the valvular ring to its abdominal bifurcation (right and left renal arteries were removed with the aorta, but all other branches were cut close to their aortic origins); heart with the coronary arteries, pulnmonary trunk, and the right and the left pulmonary arteries; brain with its vessels in situ. These specimens were carefully washed with water and fixed in 10 per cent formalin.
The vessels were studied both before and after staining with Sudan IV. The Figure 1 Progression of aortic atherosclerosis with age. the fatty streaks progressively diminished so that in the eighth decade they comprised only 18 per cent of the atheroselerotic process.
Atherosclerosis of the Coronary Artery
Atherosclerosis of the coronary artery was first evident in the second decade in the form of lipid spots and streaks. After the fifth decade all the coronary arteries showed evidence of atherosclerosis.
The mean atherosclerotic index of the coronary arteries rose from 0.006 in the second decade to 21.53 in the eighth decade. The increase in the atherosclerotic index was especially marked after the fourth decade. There was no terminal decline in the mean atherosclerotic index.
When the data were analyzed for the extent of intimal surface involvement (table 4) the mean surface area of the coronary arteries involved in atherosclerosis increased with age, especially after the fourth decade.
In the seventh and eighth decades 10 per cent and 20 per cent of the cases had more than 50 per cent of intimal surface involve- 10 As in the other arteries the grades of atherosclerosis showed progressive, more advanced lesions with age. The fibrous plaques were first noted in the fourth decade and their incidence increased from 7 per cent of the atherosclerotic process in that decade to 59 per cent in the eighth decade. Calcified lesions were first observed in the sixth decade and comprised 1 per cent of the atherosclerotic process, whereas their maximum incidence was seen in the eighth decade.
Atherosclerosis of the Pulmonary Artery
No evidence of atherosclerosis of the pulmonary artery was found in any of the cases.
Comparison of the Mean Atherosclerotic Indices in Males and Females
The mean atherosclerotic indices of the aorta and the coronary, cerebral, and renal arteries in each decade for males and females have been tabulated (table 7) .
It is seen that up to 30 years of age, the amount and severity of atherosclerosis in aorta and coronary arteries do not differ significantly. In the fourth decade the mean atherosclerotic indices of aorta and coronary arteries were 1.405 and 0.514, respectively, for males, and were 0.635 and 0.117, respectively, for females. The maximum atherosclerotic index of the aorta for females was much less than the average for males in the fourth decade. The same was true for the fifth decade. After the fifth decade the mean atherosclerotic index for females rose sharply from 0.77 and 0.63 for aorta and coronary arteries to 3.25 and 4.58 in the eighth decade, Circulation, Volume XXIV, July 1961 although here again the mean for the females was less than that for males. A similar relationship for the two sexes was maintained for these arteries up to the eighth decade. Thus after the third decade the mean atherosclerotic index for aorta and coronary arteries rose relatively gradually in males in successive decades while in females it showed a steep rise in the sixth decade. In the cerebral arteries too the mean atherosclerotic index was consistently lower in females than in males in each decade, though it progressed gradually through each successive decade after appearing in either sex in the fourth decade for the first time. No such relationship for the two sexes was evident for the renal arteries.
Discussion
Much of the past epidemiologic work on atherosclerosis has provided only circumstantial evidence because, until recently, no methods were available by which the actual morbid incidence of atherosclerosis in different groups or races could be compared. Availability of quantitative technics such as that of Gore and Tejada7 should do much to substitute facts for assumptions. 8 The results obtained from this study indicate that atherosclerosis in the aorta, coronary, cerebral, and renal arteries progresses with advancing age. The findings are in conformity with those of the previous workers.'-4' [8] [9] [10] Aortic atherosclerosis was evident in the first decade, and this constitutes the best evidence for the contention that atherosclerosis is not a disease of senescence." Increase of the aortic atherosclerotic index, which is an expression of both the extent and severity of the disease, was gradual in the first three decades, but rapid thereafter. The slow rate of rise of the index in the earlier decades might be due to the low weights assigned to the grade-I lesions, which are the predominant components of the atherosclerotic process during that period. The absence of the step-like progression in the present study suggests that atherosclerosis does not develop in bouts, and that "episodic development" is not a feature of the disease."
The progression of coronary atherosclerosis showed a rather steep rise after the fourth decade and it continued to increase through the eighth decade. Our findings thus fail to corroborate those of Ackerman et al.'2 and *White et al.,9 who observed a terminal decline in the incidence of coronary atherosclerosis.
These authors attributed the decline to the elimination from the later decades through death of the more severely affected individuals, and suggested that the disease in the remaining persons might be progressing as before. It is suggested that such an elimination was not present to a sufficient degree in our study to affect significantly the mean coronary atherosclerotic index in the later decades. This might be due to a relatively low incidence of coronary atherosclerosis in the earlier decades in our cases as compared to the others.
Minimal atherosclerosis of the cerebral arteries was first evident in the fourth decade and, thereafter, a gradual progression was noticed up to the eighth decade. The concept that atherosclerosis in the cerebral arteries steadily progresses to a certain level and remains at about the same level throughout the remaining decades,10 could not be substanCirculation, Volume XXIV, July 1961 Table 6 Renal Artery Atherosclerosis: Groups and Grades of Lesions for Each Decade tiated. In the renal arteries, too, a gradual increase in the atherosclerotic index with age from the second through the eighth decade was evident. The grades of lesions, however, showed much less change from earlier, less advanced types to later, more severe and advanced types. Roberts et al.13 also rarely found more than moderate atherosclerosis in the renal arteries.
No atherosclerotic lesions were observed in any of the 500 consecutive pulmonary arteries examined. The incidence of pulmonary atherosclerosis is relatively low.'3
The differences in severity of atherosclerosis between males and females in the aorta, and coronary, and cerebral arteries were apparent early in life and were especially marked up to the fifth and sixth decade when the difference tended to diminish, owing to a steep rise in the female atherosclerotic index after the fifth decade. The differences between the two sexes were of a sufficient magnitude to place females of 10 to 20 years behind the males in the development of atherosclerosis. Similar findings of predominance of atherosclerosis in males over females have been reported by other workers.9" 11 Since the differences in the development of atherosclerosis were evident at a very early age, the underlying cause may lie in some inborn basic difference between the two sexes, such as the generally more rapid metabolism in the males. Structural,'14 hormonal,'5 and sociological'6 differences have also been considered in explaining this discrepancy. The rapid rise in the female atherosclerotic index Circulation, Volume XXIV, July 1961 after the fifth decade could be due to the withdrawal of the protective action of estrogens after the menopause.17
The earliest lesions of atherosclerosis were the fatty streaks, which were seen earliest in a 21/2-year-old child, at the supravalvular portion of the aortic ring. Zinserling18 had found these sudanophilic spots even in cases less than 3 years of age. There was a rapid rise in the incidence of fatty streaks around puberty, which might be related to the hormonal changes then occurring. The peak incidence of the fatty streaks in the aorta was in the third decade. The subsequent decline could be due to their conversion into fibrous plaques and not necessarily due to their regression. 19 The universality of fatty streaks after the second decade in the case of the aorta re-emphasizes the fact that all individuals belonging to later decades have aortic atheroselerosis but merely differ in the degree and severity of involvement. All these observations are in conformity with those of Holman et al. '9 Fibrous plaques in the aorta appeared at the same anatomic sites as the fatty streaks did in the earlier decades. This supports the view that fatty streaks act as an anlage for the fibrous plaques.
Tejada and Gore' reported the occurrence of the grade-III lesions in the aorta in the third decade in white subjects and in the fifth decade in Negroes for the first time. In our series, they were seen first in the fourth decade, and their incidence increased with age.
In the coronary arteries the grade-III lesions constituted only about 4 per cent of the to Cd E PC atheroselerotic process whereas no grade-III or grade-IV lesions were found in our series in any of the cerebral arteries. Summary Striking differences in the extent and severity of atherosclerosis were observed when our results were compared with those reported from the United States, Japan, and Jamaica, and South India by Gore et al. 4 Up to the age of 30 years the mean atheroselerotic indices of aorta from these sources were not significantly different. Subsequently, however, the mean atheroselerotic index in our cases was almost equal to that reported from South India but it was much less than that recorded in the U.S.A. and significantly less than that reported from Japan and Jamaica. It is thus seen that the factors that initiate atherogenesis are different from those that are effective in the formation of the later grades of lesions, since the same amount of streaking does not lead to an equal amount of fibrous plaque formation. It also shows that there are important geographic differences in the prevalence of these latter factors. Similarly, the coronary atherosclerosis was almost equal in our and the South Indian series but in both these places it was less advanced than that obtained in the U.S.A., Japan, and Jamaica.
